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(54) Composite heat sink 

(57) The present invention is a heat sink with a heat 
transfer medium for enhancing the heat transferring 
ability of the heat sink. In one embodiment, the heat sink 
comprises a plurality of fins with cavities, a base and a 
fluid heat transfer medium. The fins are in thermal con- 
tact with the base and configured to form a series of lon- 
gitudinal channels through which air or a fluid medium 
may pass. The fluid heat transfer medium contained 
within each of the cavities. The fluid heat transfer medi- 
um enhances the heat sink's ability to transfer heat with- 
out increasing its surface area, size and/or weight. This 



enhancement is due to the fluid heat transfer medium's 
latent heat of vaporization and condensation. Specifi- 
cally, a larger amount energy is required to vaporize the 
fluid heat transfer medium. Thus, a large amount of heat 
can be conducted from the base to the fluid heat transfer 
medium. Conversely, as the vaporized fluid heat trans- 
fer medium condenses on the upper cooler walls of the 
fins, a large amount of energy is conducted from the va- 
porized fluid heat transfer medium to the fins. Thus, a 
larger amount of heat can be conducted from the fluid 
heat transfer medium to the fins which can then dissi- 
pate the heat to lower temperature surroundings. 




Printed by Jouve, 75001 PARIS (FR) 



1 



EP 0 910 235 A1 



2 



Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to transferring 
heat away from heat sources and, more specifically, to 
heat sinks. 

BACKGROUND OF THE RELATED ART 

[0002] Heat sinks are used in electronic equipment 
designs to transfer heat from a heat source, such as an 
electronic component, to lower temperature surround- 
ings. The objective of a heat sink is to lower the temper- 
ature of the heat generator to prevent performance deg- 
radation and prolong the life of the heat source. A typical 
heat sink comprises a bottom plate and a plurality of fins. 
The plurality of fins are vertically attached to the bottom 
plate and configured to form a series of longitudinal 
channels. To transfer heat from a heat source, the bot- 
tom plate of the heat sink is affixed to the heat source 
such that thermal contact is achieved with the heat 
source. Heat is conducted from the heat source to the 
bottom plate which is then conducted to the fins where 
it is dissipated by thermal transfer to the lower temper- 
ature surroundings, such as air passing through the lon- 
gitudinal channels. The typical heat transfer rate of a 
heat sink ranges from 50 to 200 watts per square foot, 
and is dependent upon extended surface area available, 
operating ambient temperatures, and material/material 
thickness. 

[0003] The effectiveness of a heat sink depends on 
its ability to transfer heat from the heat source to the 
lower temperature surroundings. Some factors influenc- 
ing this ability includes the heat transfer rate of the ma- 
terial from which the heat sink was constructed and the 
surface area of the heat sink. The heat transferring abil- 
ity of a heat sink may be increased using a material with 
a higher heat transfer rate to construct the heat sink. 
Heat sinks typically comprises one solid piece of mate- 
rial that has a high conductivity with an adequate me- 
chanical strength for secondary support functions. The 
materials that possess these qualities include metals or 
metallized plastics, such as aluminum and copper. The 
heat transfer rates for the aforementioned metals and 
metallized plastics are as follows: 0.19 deg Celsius/ 
Watt-inch and 0.1 deg Celsius/Watt-inch, respectively. 
The heat transferring ability of a heat sink may also be 
increased by increasing the surface area through which 
heat may be dissipated, e.g., lengthen the fins. This, 
however, translates into increases the heat sink's size 
and weight. Such increases are undesirable especially 
when space is limited. 

SUMMARY OF THE INVENTION 

[0004] The present invention is a heat sink with a heat 
transfer medium for enhancing the heat transferring 



ability of the heat sink without increasing its size and/or 
weight. In one embodiment, the heat sink comprises a 
plurality of fins with cavities, a base and a fluid heat 
transfer medium. Each of the fins is in thermal contact 
5 with the base and configured to form a series of longi- 
tudinal channels through which air or a fluid medium 
may pass. The fins and base are constructed from ther- 
mal conductive material with adequate mechanical 
strength for secondary support functions. The fluid heat 
transfer medium is contained within each of the cavities. 
The fluid heat transfer medium may be a fluid with a ther- 
mal resistant and a boiling point lower than the thermal 
resistant and softening point, respectively, of the mate- 
rial used to construct the fins and base. Such a fluid 
transfer medium enhances the heat sink's ability to 
transfer heat because of its latent heat of vaporization 
and condensation. Specifically, a large amount of ener- 
gy is required to vaporize the fluid heat transfer medium. 
Thus, a large amount of heat can be conducted from the 
base to the fluid heat transfer medium. Conversely, as 
the vaporized fluid heat transfer medium condenses on 
the upper cooler walls of the fins, a large amount of en- 
ergy is conducted from the vaporized fluid heat transfer 
medium to the fins. Thus, a large amount of heat can be 
conducted from the fluid heat transfer medium to the fins 
which can then dissipate the heat to lower temperature 
surroundings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The features, aspects, and advantages of the 
present invention will become better understood with re- 
gard to the following description, appended claims, and 
accompanying drawings where: 

FIG. 1 depicts a heat sink in accordance with the 
present invention; 

FIG. 2 depicts a heat sink with a base having a res- 
ervoir in which a fluid heat transfer medium is con- 
tained; 

FIG. 3 depicts a heat sink with fins having a rectan- 
gular shape; 

FIG. 4 depicts a non-level application of a heat sink 
with a base having a reservoir; 
FIG. 5 depicts a heat sink with a base having a res- 
ervoir in which a fluid heat transfer medium and a 
wick are contained; 

FIG. 6 depicts the heat sink of FIG. 1 in which a 
porous metal wick 50 is contained within the fin cav- 
ities; and 

FIG. 7 depicts the heat sink of FIG. 2 in which a 
porous metal wick is contained within the heat sink 
cavity. 

DETAILED DESCRIPTION 

[0006] FIG. 1 depicts a heat sink 10 in accordance 
with the present invention. The heat sink 10 comprises 
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a base 12, a plurality of fins 14 and a heat transfer me- 
dium 16. The base 12 may be any desired dimensions 
or shape depending upon the use for which it is intend- 
ed, such as a rectangular flat plate. Generally, the di- 
mensions and shape of the base 1 2 should allow for s 
good thermal contact between the heat source and the 
heat sink. For example, if the heat source has a rectan- 
gular shape and a flat top surface, the base should have 
a rectangular shape and a flat bottom surface in order 
to achieve good thermal contact with the top of the heat 10 
source. The base 12 is constructed from a thermally 
conductive material, such as aluminum, aluminum al- 
loys, copper, copper alloys and conductive or thin wall 
polymers. 

[0007] The fins 1 4 are in thermal contact with the base 1$ 

1 2 and positioned vertically at its base 1 3 to the top sur- 
face of the base 1 2 to increase the surface area of the 
heat sink 10. The fins 14 are configured to form longitu- 
dinal channels through which air or a fluid medium may 
pass and dissipate heat. The fins 1 4 may be any desired 20 
dimensions and shape. Generally, the fins 14 have a 
tabular, cylindrical or rectangular shape wherein the 
width of the fins 14 is gradually reduced from the base 

1 3 to the tip 1 5 of the fins 1 4. The fins 1 2 are constructed 
from a thermally conductive material, such as alumi- 25 
num, aluminum alloys, copper and copper alloys. 

[0008] Each of the fins 1 4 has a fin cavity 1 8 in which 
the heat transfer medium 16 is contained. The fin cavi- 
ties 18 may be entirely enclosed within the walls of the 
fins 14; as shown in FIG. 1, or enclosed using the base 30 
1 2. The heat transfer medium may be a fluid heat trans- 
fer medium or a conductive heat transfer medium de- 
pending on the requirements of the application. Fluid 
heat transfer mediums includes any fluids that has a 
thermal resistant and a boiling point lower than the ther- 35 
mal resistant and softening point, respectively, of the 
material used to construct the fins and base. Addition- 
ally, the fluid heat transfer medium should not cause the 
fins and/or base to corrode. The fluid heat transfer me- 
dium include fluids such as tap water, distilled water, al- 40 
cohol or a combination of the aforementioned. The fluid 
heat transfer medium 16 should only partially fill the fin 
cavities 18 to allow for vaporization and condensation. 
[0009] The fluid heat transfer medium enhances the 
heat sink's ability to transfer heat without increasing its 4$ 
surface area, size or weight. This enhancement is due 
to the fluid heat transfer medium's latent heat of vapor- 
ization and condensation. Specifically, high levels of en- 
ergy are required to vaporize the fluid heat transfer me- 
dium. Thus, a large amount of heat can be conducted so 
from the base (or base of the fins) to the fluid heat trans- 
fer medium. Conversely, as the vaporized fluid heat 
transfer medium condenses on the upper cooler walls 
of the fins, high levels of energy are conducted from the 
vaporized fluid heat transfer medium to the fins. Thus, 55 
a larger amount of heat can be conducted from the fluid 
heat transfer medium to the fins. 
[0010] The fin cavities 18 are air evacuated and 



sealed to prevent air or fluids from entering or leaving 
the fin cavities 18. Each of the fins 14 may include an 
orifice through which air is evacuated from the fin cavi- 
ties 18 and the fluid heat transfer medium is introduced 
into the fin cavities 18. The orifices are sealed using 
plugs 19. The seal plugs 19 may be constructed using 
thermally conductive material such as a metal braze, a 
tin solder, a high temperature solder, a polymeric resin, 
or a threaded metal plug/valve system. 
[001 1] The second type of heat transfer mediums are 
conductive heat transfer mediums, which include any 
thermal conductive material (solid or liquid) with thermal 
resistant lower than the material used to construct the 
fins and/or base. Such heat transfer mediums should 
also be lightweight (compared to the fins and/or base) 
and low cost. Examples of conductive heat transfer me- 
diums include conductive polymers, solid metals, tin, tin 
alloys, tin solders, metal filled polymers and conductive 
liquid polymers. The conductive heat transfer mediums 
should completely fill the cavity for achieving good ther- 
mal contact between the fins and the base. 
[001 2] The dimensions of the heat sink 1 0 should vary 
with each thermal application. The following example is 
provided for illustration purposes and should not be con- 
strued to limit the present invention in any manner. In 
this example, the base 12 is rectangular in shape with 
a thickness of 75 to 125 mm, a length of 304 mm and a 
width of 304 mm. The fins 14 are tabular with a height 
of 500 mm, a base diameter of 20 to 40 mm and a tip 
diameter of 10 to 20 mm. The thickness of the fin walls 
is approximately 10 mm. if conductive heat transfer me- 
dium is distilled water, the heat transfer rate of the heat 
sink would be approximately 800 to 1,000 watts per 
square foot. This is significantly greater than the heat 
transfer rate of typical prior art heat sinks. 
[0013] FIG. 2 shows a heat sink 20 with a base 22 
having a reservoir 24 in which a fluid heat transfer me- 
dium 26 is contained in accordance with one embodi- 
ment of the present invention. Each of the fins 25 has a 
fin cavity 27 which, in conjunction with the reservoir 24 
and other fin cavities 27, forms a heat sink cavity 28. 
Alternately, the base 22 may have multiple reservoirs 
for forming multiple heat sink cavities with the fin cavi- 
ties. The heat sink 20 includes a single orifice through 
which air is evacuated from the heat sink cavity 28 and 
the fluid heat transfer medium 26 is introduced into the 
heat sink cavity 28. The orifice is sealed using a plug 
30. The fins 26 of FIG. 2 have a tabular shape. FIG. 3 
illustrates the heat sink 20 with fins 25 having a rectan- 
gular shape. 

[0014] In level applications (or positions), the fluid 
heat transfer medium should be uniformly distributed 
throughout the reservoir 24. Non-level applications of 
the heat sink 20 of FIGS. 2 and 3 will cause non-uniform 
distribution of the fluid heat transfer medium in the res- 
ervoir 24. Specifically, the fluid heat transfer medium will 
collect towards the lower side of the reservoir 24. FIG. 
4 illustrates a non-level application of the heat sink 20. 
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Uniform distribution of the fluid heat transfer medium in 
the reservoir 24 allows for greater thermal contact be- 
tween the fluid heat transfer medium and the base. Non- 
uniform distribution of the fluid heat transfer medium ad- 
versely affects the thermal contact with the base which, 
in turn, compromises the heat transferring ability of the 
heat sink. 

[0015] FIG. 5 illustrates a heat sink 40 with a base 42 
having a reservoir 44 in which a fluid heat transfer me- 
dium 46 and a wick 48 are contained in accordance with 
one embodiment of the present invention. The wick 48 
provides for a more uniform distribution of the fluid heat 
transfer medium throughout the reservoir 44, particular- 
ly in non-level applications of the heat sink 40. The wick 
48 should be porous for capillary transport of the fluid 
heat transfer medium 46, and may be constructed from 
metals, such as copper and aluminum, plastics, glass, 
or ceramic. 

[0016] FIG. 6 illustrates the heat sink 10 of FIG. 1 in 
which a porous metal wick 50 is contained within the fin 
cavities 1 8, and FIG. 7 illustrates the heat sink 20 of FIG. 
2 in which a porous metal wick 60 is contained within 
the heat sink cavity 28 in accordance with other embod- 
iments of the present invention. In these embodiments, 
the porous metal wicks 50, 60 provide for a more uniform 
distribution of fluid heat transfer mediums through the 
fin cavities and/or reservoirs regardless of the orienta- 
tion of the heat sinks 20, 30, thus enabling heat transfer 
operations in any orientation. 

[0017] Although the present invention has been de- 
scribed in considerable detail with reference to certain 
embodiments, other versions are possible. Therefore, 
the spirit and scope of the present invention should not 
be limited to the description of the embodiments con- 
tained herein. 



4. The heat sink of claim 1 or 2, CHARACTERIZED IN 
THAT said heat transfer medium is a fluid that pos- 
sess a thermal resistance and a boiling point lower 
than thermal resistance and softening points of said 

5 base and said plurality of fins. 

5. The heat sink of claim 4, further CHARACTERIZED 
BY: 

10 a porous wick contained within said cavities or 

reservoir. 

6. The heat sink of claim 1 or 2 CHARACTERIZED IN 
THAT said heat transfer medium comprises water, 

15 or alcohol. 

7. The heat sink of claim 1 or 2, CHARACTERIZED IN 
THAT said heat transfer medium comprises a ther- 
mal conductive material that possess a thermal re- 

20 sistance lower than a thermal resistance of said 
base and said plurality of fins. 

8. The heat sink of claim 1 or 2, CHARACTERIZED IN 
THAT said plurality of fins are configured to form 

25 longitudinal channels. 

9. The heat sink of claim 1 or 2, CHARACTERIZED IN 
THAT each of said plurality of fins are constructed 
from a thermal conductive material. 

30 

10. The heat sink of claim 1 or 2, CHARACTERIZED IN 
THAT said base is constructed from a thermal con- 
ductive material. 

35 



Claims 

1. A heat sink CHARACTERIZED BY: 40 

a base; 

a plurality of fins having cavities; and 

a heat transfer medium contained within said 

cavities and in thermal contact with said base. 45 

2. A heat sink CH ARACTE RIZED BY: 

a base having a reservoir; 

a plurality of fins having fin cavities and posi- 50 
tioned such that said fin cavities form one or 
more heat sink cavities with said reservoir; and 
a heat transfer medium contained within said 
heat sink cavities. 

55 

3. The heat sink of claim 1 or 2 CHARACTERIZED IN 
THAT said heat transfer medium is a conductive 
heat transfer medium. 
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